The analytical procedures have several steps: sampling, sample preparation, separation, quantitation, statistical evaluation, and decision. Despite the advances in most of these steps, many sampling and sample preparation practices are based on nineteenth-century technologies, such as classical extraction methods. The traditional sample-preparations methods are typically time-consuming and labor-intensive, have multi-step procedures prone to loss of analytes, and the use large volumes of high-purity toxic organic solvents. Furthermore, due to the demand for ultra-trace analysis, the need for powerful methods has increased in particular for environmental analysis. Therefore, simple, rapid, cleaner and efficient techniques that can be performed easily are required. [1] [2] [3] Homogeneous liquid-liquid extraction is a simple and powerful preconcentration method that reduces the extraction time, disposal costs and consumption of and exposure to solvent. This method extracts the solute in a homogeneous solution into the very small sedimented phase, formed from the solution by the phase separation phenomenon. The ternary component solvent system and the perfluorinated surfactant system are the two usual modes of homogeneous liquid-liquid extraction. In homogeneous liquid-liquid extraction, the initial condition (before phase separation) is homogeneous solution; namely, there is no interface between the water phase and the water-miscible organic solvent phase. In other words, the surface area of the interface is infinitely large initially. Accordingly, no vigorous mechanical shaking is necessary. The procedure is simple and requires only the addition of a reagent. 4 Recently, homogeneous liquid-liquid extraction was successfully utilized for the extraction of some organic and inorganic analytes. [5] [6] [7] [8] [9] [10] [11] We now report of a simple and efficient method for the selective extraction and concentration of uranyl ions using homogeneous liquid-liquid extraction with tri-n-octylphosphine oxide (TOPO) and tri-n-butylphosphate (TBP) as complexing ligands, perfluorooctanoate ion (PFOA -) as a phase-separator agent and the spectrophotometric determination of UO2 2+ with dibenzoylmethane (DBM) as a chromogenic reagent.
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Experimental

Reagent and apparatus
All acids were of the highest purity available from Merck and were used as received. All organic solvents were of HPLC grade from Merck or Aldrich. Reagent-grade perfluorooctanoic acid (HPFOA), TOPO and TBP from Merck and DBM from Fluka were used as received. Analytical-grade uranyl nitrate and other salts (all from Merck) were of the highest purity available and were dried in a vacuum over P2O5. Doubly distilled deionized water was used throughout.
A stock solution of uranyl ion was prepared by dissolving an appropriate amount of UO2(NO3)2·6H2O in 0.5 M HNO3. A perfluorooctanoate standard solution (0.02 M) was prepared by neutralizing HPFOA with 0.1 M LiOH and diluted with the same solution for use.
Absorbance measurements were carried out with a Shimadzu UV-160 double-beam spectrophotometer and 1 ml quartz cell. A Karazema 100 centrifuge was used for centrifugation.
Homogeneous liquid-liquid extraction and quantification of uranium(VI)
A sample solution (40 ml) containing 10 µg of uranium was placed in a 50 ml cylindrical glass vial fitted with a plastic cap; A simple and efficient method for the selective separation and preconcentration of uranium(VI) using homogeneous liquid-liquid extraction was developed. Tri-n-octylphosphine oxide (TOPO) and tri-n-butylphosphate (TBP) were investigated as complexing ligands, and perfluorooctanoate ion (PFOA -) was applied as a phase separator agent under strongly acidic conditions. Under the optimal conditions ([
.2% v/v) 10 µg of uranium in 40 ml aqueous phase could be extracted quantitatively into 8 µl of the sedimented phase. The maximum concentration factor was 5000-fold. However, an effort for the quantitative extraction using TBP was inefficient and the percent recovery was at most 56.7. The influence of the type and concentration of acid solution, optimum amount of the ligand, type and volume of the organic solvent, concentration of PFOA, volume of the aqueous sample and effect of different diverse ions on the extraction and determination of uranium(VI) were investigated. The proposed method was applied to the extraction and determination of uranium(VI) in natural water samples. 1.5 ml of acetone containing 1.7 × 10 -2 M of TOPO and 1 ml of concentrated HNO3 were added. The mixture was allowed to stand for 5 min at room temperature, before 4 ml of a 0.02 M PFOA -solution was added and then centrifuged for 10 min at 2000 rpm. The sedimented phase (8 µl) was removed using a 10 ml microsyringe and transferred into a spectrophotometer cell containing 100 ml of a DBM solution (2% w/v DBM in 50% v/v pyridine-methanol solution) and diluted to 1 ml with methanol. The uranyl concentration was then determined at 405 nm against a reagent blank (external linear calibration range, 0.2 -5.0 µg/ml; r = 0.999).
Determination of uranium(VI) in natural water samples
A 40 ml aliquot of the water sample was first passed through a 45 µm (Millipore) Nylon filter to remove any particles that may have been present in the natural water samples. Then, sufficient Na2EDTA·2H2O was added to achieve a concentration of 5.0 × 10 -3 M. The uranyl ions were extracted from the thus-treated aliquot and then quantified as described above.
Results and Discussion
Organic phosphorus compounds possess high extractive properties and have frequently been used as reagents in liquidliquid extractions. 12 The extractive properties of these ligands depend on the number of ester oxygen atoms and the nature of the substituents present in the molecule. Usually, elements in their highest oxidation state (e.g., U(VI)) yield the most extractable complexes with these ligands. [13] [14] [15] TOPO and TBP are the most important organic phosphorus ligands that were widely used for the extraction and separation of uranium in analytical and industrial scales. 16, 17 Thus, we examined TOPO and TBP for the homogeneous liquid-liquid extraction of uranium. Preliminary experiments showed that uranyl ions were sufficiently extracted from an acidic solution in a system containing acetone and PFOA -as a phase-separator agent. The proposed method was investigated as a preconcentration method for the spectrophotometric determination of uranium with dibenzoylmethane.
Effect of the type and concentration of acid solution
To investigate the influence of the matrix on the homogeneous liquid-liquid extraction of uranyl ions, different concentrations of HNO3 and HCl were tested. Although the volumes of the sedimented phase did not significantly differ for HNO3 and HCl, the HNO3 solutions resulted in greater extraction percents for both TOPO and TBP. The maximum extraction percent of 10 µg uranium in 0.3 M HNO3 was 44.0% and 21.3% for TOPO and TBP, respectively. Hence, 0.3 M HNO3 was used for further studies of both TOPO and TBP.
Effect of the concentration of the ligand
The effect of the concentrations of TOPO on the extraction percent and volume of the sedimented phase was studied. The results showed that the extraction percent and volume of the sedimented phase increased with increasing concentration of TOPO, but in very high concentrations phase separation occurred precociously, before the extraction was completed. Similar results were obtained for TBP. Thus, concentrations of 5.4 × 10 -4 M and 1.4 × 10 -5 M were used for further studies of TOPO and TBP, respectively.
Effect of the nature and volume of a water-miscible organic solvent
Different organic solvents were tested for the homogeneous liquid-liquid extraction of uranyl ions using TOPO and TBP ( Table 1 ). The application of ethanol, acetonitrile and THF suffered from poor reproducibility of the extraction percent and volume of the sedimented phase for both of the ligands. DMSO has low solubility for TBP and no solubility for TOPO. Thus, acetone was selected for subsequent experiments, because its application causes complete phase separation with the least amount of the solvent, resulting in viscose sedimented drop with a spherical shape, suitable for handling with a microsyringe. Furthermore, the volume of acetone was optimized. The results showed that the extraction percent and volume of the sedimented phase increased with increasing the volume percent of acetone, although the use of very large volumes caused a delayed phase separation and a low concentration factor. Hence, 3.2 and 15.3 volume percents of acetone were used as the optimal volumes for the homogeneous liquid-liquid extraction of uranium using TOPO and TBP, respectively.
Effect of the PFOA -concentration
The influence of the PFOA -concentration on the extraction percent and volume of the sedimented phase is shown in Fig. 1 However, the extraction percent of uranium using TBP increased when the concentration of PFOA -was increased to 6.1 × 10 -3 M, and then remained relatively constant. Thus, concentrations of 1.7 × 10 -3 M and 4.6 × 10 -3 M of PFOA -were chosen for further studies of the homogeneous liquid-liquid extraction of uranium using TOPO and TBP, respectively.
The extraction percent of 10 µg uranium using TBP was at the most 56.7 at this step. Therefore, it seems that the acquisition of a quantitative extraction of uranium using this ligand is inefficient. Thus this ligand was abandoned.
Analytical performance
When solutions of 10 µg uranium in 5, 10, 15, 20, 25, 30 and 40 ml of 0.3 M HNO3 were examined using the proposed method, the uranium(VI) was quantitatively extracted in all cases by TOPO. This means that a maximum concentration factor of 5000 can be achieved (i.e., 8 µl of the sedimented phase was produced from 40 ml of the sample solution). However, by increasing the volume of the sample solution, the volume of the sedimented phase decreased. On the other hand, when sample solution volumes greater than 40 ml were used, the organic constituent of the homogeneous phase could not dissolve TOPO, and was left at the surface of the solution. Thus, 40 ml was chosen as the suitable volume for sample solutions to be used for further studies.
In order to investigate the selective extraction and determination of uranyl ions from binary mixtures with various metal ions, and aliquot of a solution (40 ml) containing 10 µg of uranium and different amounts of other cations was taken and the recommended procedure was followed. The results are summarized in Table 2 . The results show that the uranyl ions in the binary mixtures were extracted almost completely, even in the presence of up to 85 mg of some ions. However, when EDTA was added as a masking agent, the recovery of uranium was quantitative in all cases.
To assess the applicability of the method to real samples, it was applied to the extraction and determination of uranium from water of two springs near uranium mines at Anarak (Yazd, Iran) and Tashk (Bandar Abbass, Iran). The results are given in Table 3 . Satisfactory agreement exists between the results obtained by the proposed method and those reported by α-spectrometry. 18, 19 Table 3 
